ABSTRACT The capybara, Hydrochoerus hydrochaeris (L.) (Rodentia: Caviidae), is the largest herbivorous rodent on Earth and abundant in the Neotropical region, which can provide a stable food source of dung for dung beetle communities (Coleoptera: Scarabaeidae: Scarabaeinae). However, the use of capybara dung by dung beetles is poorly known. Here, we present data on the structure of the dung beetle community attracted to capybara dung and compare with the community attracted to human feces. Dung beetles were captured with pitfall traps baited with fresh capybara dung and human feces in pastures with exotic grass (Brachiaria spp.), patches of Brazilian savanna (Cerrado), and points of degraded riparian vegetation along the Aquidauana river in Anastácio and Aquidauana, Mato Grosso do Sul, Brazil. In traps baited with human feces, 13,809 individuals of 31 species were captured, and in those baited with capybara dung 1,027 individuals belonging to 26 species were captured. The average number of individuals and species captured by the traps baited with human feces was greater than for capybara dung in all habitats studied. Composition of the communities attracted to human feces and capybara dung formed distinct groups in all habitats. Despite the smaller number of species and individuals captured in capybara dung when compared with human feces, capybara dung was attractive to dung beetles. In Brazil, the legalization of hunting these rodents has been debated, which would potentially affect the community and consequently the ecological functions performed by dung beetles that use the feces of these animals as a resource. In addition, the knowledge of the communities associated with capybaras may be important in predicting the consequences of future management of their populations.
Dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae) comprise Ϸ6,000 species found worldwide, with 1,250 species described for the Neotropical region (Hanski and Cambefort 1991) , of which 600 have been reported in Brazil (Vaz-de-Mello 2000) . The feeding behavior of dung beetles is quite varied, including carcasses, fungi, fruits, and decaying plant material, but coprophagy is most frequent (e.g., Halffter and Matthews 1966) . Dung beetles also have different resource allocation strategies, including dweller species that live within a dung pat and do not exhibit resource allocation; roller species that remove portions of dung, which are rolled various distances and then buried; and tunneler species that construct tunnels below or adjacent to the food resource and transport dung into the bottom (Halffter and Matthews 1966) . This diversity of feeding habits affects characteristics of behavior, morphology, and development Matthews 1966, Hanski and Cambefort 1991) , and this may be a determining factor in species richness in the Neotropical region (Halffter and Favila 1993) .
The availability of mammal dung to the dung beetles varies in time and space, and is important for the stabilization of communities (Hernández and Vaz-deMello 2009) . The attractiveness of this resource may also vary depending on the feeding habits of these animals (carnivore, herbivore, and omnivore), but some studies show that dung beetles are more attracted to feces of omnivorous mammals (e.g., Fincher et al. 1970 , MartṍnÐPiera and Lobo 1996 , Filgueiras et al. 2009 , Whipple and Hoback 2012 . In Brazil, dung beetles have been sampled using traps baited with different types of baits, including the feces of domestic (e.g., Flechtmann et al. 2009 , Louzada and Carvalho e Silva 2009 , Correa et al. 2013 ) and wild animals (e.g., Filgueiras et al. 2009 , Flechtmann et al. 2009 ).
The capybara, Hydrochoerus hydrochaeris (L.) (Rodentia: Caviidae) is the largest herbivorous rodent on Earth, measuring from 1.0 to 1.3 m in length and the weight of adults ranges from 35 to 65 kg (Woods and Kilpatrick 2005) . It is a semiaquatic rodent that inhabits the margins of water bodies in groups that can reach Ͼ20 individuals (Woods and Kilpatrick 2005) . Capybaras feed exclusively on plants and are distributed from Panama to northern Argentina (Woods and Kilpatrick 2005) . Several dung beetle species have been found in the nests of rodents (e.g., Howden et al. 1956 , Howden and Cartwright 1963 , Halffter and Mathews 1966 , Anduaga and Halffter 1991 , Anduaga 2007 , but no studies have been conducted to assess the community structure of dung beetles attracted to the feces of the largest herbivorous rodent on the planet.
Here, we used a wide sampling effort to capture dung beetles in pastures with exotic grass (Brachiaria spp.), patches of the Brazilian savanna (Cerrado), and points of degraded riparian forest along the Aquidauana river (in Anastácio and Aquidauana, Mato Grosso do Sul, Brazil) using pitfall traps baited with fresh capybara dung (native herbivores) and human feces (exotic omnivores) to test the following hypotheses: 1) capybara dung attracts lower abundance and richness than human feces in the three systems; and 2) there are differences in community structure and species composition attracted to the two feces types in the three systems. Our null hypothesis is that the number of species, abundance, and species composition attracted to the two feces types is similar in the three systems. Because humans are omnivores and dung beetles often prefer omnivore dung, we believe that the capture will be greater in human feces than in the capybara dung. In addition, human feces is among the most attractive types of dung to most of the dung beetle species (Howden and Nealis 1975) , and is available at any study site in the world (Larsen and Forsyth 2005) being used in most articles with dung beetles (e.g., Larsen 2012 ).
Materials and Methods
Study Sites and Sampling Procedures. The study was developed in a transitional region of the Cerrado and Pantanal ecosystems, in Anastácio (20Њ 45Ј45Љ S, 55Њ 43Ј49Љ W) and Aquidauana (20Њ 27Ј28Љ S, 55Њ 50Ј16Љ W), Mato Grosso do Sul, Brazil, with annual rainfall ranging from 1,200 Ð1,300 mm and mean annual temperature of 26ЊC. Dung beetles were sampled in 30 areas that were separated by at least 300 m. We selected 10 areas of pastures with exotic grass (Brachiaria spp.), 10 of native forest fragments (Brazilian savanna), and 10 points of degraded riparian vegetation along the Aquidauana river, Þve areas on the right bank and Þve on the left bank of the river. On the river margins, the capybara are extremely plentiful.
Sampling was carried out during the middle of the rainy season in December 2011 to January 2012. In Brazil this is the period of greatest activity and richness of dung beetles (e.g., Almeida et al. 2011 , Abot et al. 2012 . In each area, we installed two parallel linear transects spaced by 20 m from each other. One transect received a set of Þve pitfall traps baited with fresh capybara dung (Ϸ 40 g) and the other transect received Þve traps baited with human feces (Ϸ 40 g), totaling a sampling effort of 300 traps. The distance between traps within each transect was 100 m to ensure independence of the samples (Larsen and Forsyth 2005) .
Dung beetles were sampled during 48 h using pitfall traps (20 cm in diameter and 15 cm in height) installed at ground level and covered with a plastic lid to reduce drying of the bait and prevent damage from rainfall. Inside each trap, 250 ml of a saline ϩ neutral detergent solution (1.5%) was added, and the baits were placed in plastic containers (50 ml) at the center of each trap using a wire. Fresh capybara dung was collected every morning along the banks of the João Dias creek in the city of Aquidauana where these animals are commonly found.
The beetles captured were sent to the Federal University of Mato Grosso (UFMT; Cuiabá , Mato Grosso, Brazil) where they were identiÞed by Dr. Fernando Z. Vaz-de-Mello. Vouchers are deposited in the State University of Mato Grosso do Sul (UEMS; Aquidauana, Mato Grosso do Sul, Brazil) and also in the Entomology Section of the Zoological Collection of the UFMT.
Data Analysis. We performed analyses for each of the three systems separately. We performed a series of Generalized Linear Models (GLMs) to determine whether the baits differed with respect to the average number of individuals and species of dung beetles sampled per transect in the three systems. We used the baits as the explanatory variables and richness and abundance as response variables. All GLMs were submitted to residual analysis, so as to evaluate adequacy of error distribution (Crawley 2002) . All analyses were performed using the free software R (R Development Core Team 2013) .
Comparisons between the number of accumulated species per baits in each system were performed visually with the curve of the 95% CI. In an additional attempt to evaluate the efÞciency of our sampling program, we assessed the completeness of each system by calculating the number of observed species (Sobs) as a percentage of the total species richness, which was estimated based on the average of three abundancebased nonparametric estimators: ACE, Chao 1, and Jackknife 1, using the formula: Sampling EfÞciency ϭ [Sobs ϫ 100/((ACEϩChao1ϩJack1)/3)]. The richness estimates were calculated with the software EstimateS 7.5, with 500 randomizations (Colwell 2005) .
We used a nonmetric multidimensional scaling (NMDS) analysis to examine differences in composition of dung beetle communities between baits in each system. This was done using root-square transformed and standardized abundance data, using a BrayÐCurtis index to measure similarity between points. We performed an analysis of similarity (ANOSIM) (Clarke and Warwick 2001) to verify statistical differences between groups formed by the NMDS. These analyses were performed using the Primer v.6 software (Clarke and Gorley 2006) . We used the Similarity PercentageÑ SIMPER (Clarke 1993) to determine the contribution that individual species had on distinguishing differences in community structure among the baits. This analysis was performed using Past (Hammer et al. 2001) . To compare foraging strategies (functional guilds) between baits, we classiÞed the sampled species as dwellers, rollers, or tunnelers, as proposed by Halffter and Matthews (1966) .
Results
Abundance and Richness. We collected 14,836 individuals from 34 dung beetle species during the study, distributed across 6 tribes and 17 genera: Ateuchini (7 species, 4 genera), Coprini (11 species, 3 genera), Oniticellini (2 species, 1 genera), Deltochilini (8 species, 4 genera), Onthophagini (2 species, 2 genera), and Phanaeini (4 species, 3 genera). Human feces presented the highest number of species and individuals, with a total of 31 species and 13,809 individuals, while the capybara dung presented 26 species and 1,027 individuals.
Sampling efÞciency was high for both baits used, ranging from 77.93 to 82.54% for human feces and 76.57Ð 86.03% for capybara dung (Table 1 ). The species accumulation curves showed no difference in overall accumulated richness between the two baits for all systems (Fig. 1) . The traps baited with human feces captured more average number of individuals than the patches of Brazilian savanna (F 1,18 ϭ 27.85; P Ͻ 0.0001), riverbanks (F 1,18 ϭ 50.25; P Ͻ 0.0001), and pastures with exotic grass (F 1,18 ϭ 26.89; P Ͻ 0.0001) compared with traps baited with capybara dung (Fig.  2) . The average number of species captured by the traps baited with human feces was also higher in the patches of Brazilian savanna (F 1,18 ϭ 19.33; P Ͻ 0.0001), riverbanks (Chi 1,18 ϭ 21.55; P Ͻ 0.0001), and pastures with exotic grass (F 1,18 ϭ 51.47; P Ͻ 0.0001) when compared with capybara dung (Fig. 2) .
Community Structure and Species Composition. Dung beetles community structure and species composition were different when comparing the capybara dung and human feces baits (R ϭ 0.35; P Ͻ 0.0001), with each bait forming a distinct cluster on the NMDS for each system (ANOSIM; R ϭ 0.19; P ϭ 0.017 for Brazilian savanna; ANOSIM; R ϭ 0.75; P ϭ 0.0010 for riverbanks; and ANOSIM; R ϭ 0.54; P ϭ 0.0010 for pastures with exotic grass; Fig. 3 ). Seven species (Trichillum externepunctatum Preudhomme de Borre, Uroxys sp., Dichotomius bos (Blanchard), Ontherus appendiculatus (Mannerheim), Onthophagus aff. hirculus, Canthidium aff. barbacenicum, and Canthon aff. tristis) contributed to Ͼ80% of the observed differences in community structure (Table 2) .
We captured representative species from all three foraging species in two baits. The pitfall baited with capybara dung collected 12 tunneler (46.15%), 9 dweller (34.62%), and 5 roller species (19.23%), while pitfalls baited with human feces collected 16 tunneler (51.61%), 8 dweller (25.81%), and 7 roller species (22.58%; Table 2 ).
Discussion
Our study reports for the Þrst time that capybara dung attracts dung beetles in different Neotropical landscapes and may potentially be used by these animals. It is not surprising to Þnd dung beetle species associated with the dung of these animals, because capybaras are native to the Neotropical region. In addition, the use of rodent dung by dung beetles is already reported (Anduaga and Halffter 1991, Lobo and Halffter 1994) .
Traps baited with omnivorous human feces captured greater dung beetle richness and abundance in the three systems studied. In this study, Ͼ90% of species were attracted to human feces. This bait is one of the most important baits for effective capturing dung beetles (e.g., Milhomenn et al. 2003) , in both, forests (e.g., Filgueiras et al. 2009 , Silva et al. 2012b ) and in open areas such as pastures (e.g., Silva et al. 2012a ). The greater attractiveness of baits from omnivores compared with herbivores was already known (e.g., Estrada et al. 1993, Whipple and Hoback 2012) . This is probably because of the characteristics of the dung of carnivores, herbivores, and omnivores, as their nutritional contents differ, and this may affect their ability to attract the dung beetles (Hanski and Cambefort 1991, Whipple and Hoback 2012) . For example, herbivore manure is composed mostly of cellulose and microbe fragments, while that of carnivores has a large amount of nitrogen (Hanski and Cambefort 1991) . Manure of omnivorous animals presents a combination of the characteristics of carnivore and herbivore feces, appearing to be more attractive to dung beetles (Fincher et al. 1970 , MartṍnÐPiera and Lobo 1996 , Filgueiras et al. 2009 ).
The dung beetle community attracted to human and capybara feces formed two distinct groups in the study sites, mainly because of the large number of species and individuals captured more frequently in traps baited with human feces than capybara dung. The composition of dung beetles attracted to the feces of carnivores, herbivores, and omnivores has been shown to vary (Whipple and Hoback 2012) . Furthermore, the differential use of mammal dung by dung beetles, as found in our study, has also been reported to cattle and horse manure (Louzada and Carvalho e Silva 2009 This indicates that the community structure of dung beetles can be different for relatively similar resources, such as these large herbivorous mammals, mainly because of the ability of dung beetles to distinguish different types of dung based on their volatile compounds (e.g., Dormont et al. 2010) .
In this study, we believe that both feces types presented differences with regards to their physical properties. The physical properties of capybara dung (low moisture content and elevated Þber content) would reduce the duration of the attractive period to dung beetles, which could explain our lower species capture rate of beetles on this bait type. However, the quality and attractiveness of the two types of feces is not only the result of the type of food consumed, as it may also be inßuence by internal physiology, digestion, and Fig. 1 . Individual-based species accumulation curves for dung beetle communities (Coleoptera: Scarabaeinae) for different baits in the three systems. The dotted lines are 95% CI, illustrating that there was no signiÞcant difference between capybara dung and human feces. Black symbol represents human feces and white symbol represents capybara dung.
intestinal microßora of each mammal (Scholtz et al. 2009 ). The manure of mammals is one of the main resources used by dung beetles as food for larvae and adults, and as a substrate for oviposition. Thus, understanding the fauna of dung beetles attracted to different types of feces, especially native mammals, becomes important. Because most dung beetle species use a wide variety of mammalian feces (e.g., Louzada and Carvalho e Silva 2009 , Correa et al. 2013 , this type of information is useful for understanding the fauna of dung beetles in Neotropical region.
The functional guild organization of dung beetles is similar between capybara dung and human feces, with a predominance of tunnelers for both baits. This seems clear because of the 34 species sampled only three of them were exclusively found in capybara dung (see Table 2 ). However, these were singleton or doubleton species and, therefore can be occasional species. Because the capybaras defecate more often into the water, we believe this can be an explanation for the lack of a dung beetle specialist in this dung type.
In some regions of Brazil, capybaras have been bred in captivity. These animals could provide a much more environmentally sustainable source of protein than cattle ranching or bush meat hunting, especially given that they are widespread, common, and are proliÞc breeders requiring little in terms of area and food. However, in Brazil, this practice should be monitored by environmental control agencies, as it is a protected species. Despite the smaller number of species and individuals captured in dung of capybara when compared with human feces, capybara dung is attractive to dung beetles. Because dung beetles are important species used amply in ecological research (e.g., Nichols et al. 2007; Braga et al. 2012 Braga et al. , 2013 Larsen 2012) , the knowledge of the communities associated with capybaras may be important in predicting the consequences of future management of their populations.
In summary, in this study we found that traps baited with human feces sampled greater abundance and richness of dung beetles than capybara dung in all environments studied. The community structure and Fig. 3 . Distribution pattern of the sampling points based on composition of the species according to grouping performed with NMDS using the BrayÐCurtis index, based on the community structure of dung beetles (Coleoptera: Scarabaeinae) for each bait used in three systems. Black symbols represent human feces and white symbols represent capybara dung. species composition of dung beetles form distinct groups in the three systems studied, where seven species contribute to Ͼ80% of this difference. In addition, we found that community of dung beetles on capybara dung is a subset of that found on human feces. Thus, changes in the amount of capybara dung will be important to biodiversity of dung beetles of the region if omnivore dung is relatively less abundant. The SIMPER analysis illustrates that the community structure of dung beetles on capybara dung was different from samples on human feces with respect to changes in average abundance of common species and the presence of exclusive species on both dung types.
